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ABSTRACT

This paper will investigate and discuss the principles
of robotics, including robot movements and components, and
how these pr-inciples can be used in the construction
industry. Actual robotic applications in the construction
industry will be examined and discussed, as will potential
uses and applications. In this context, emphasis will be
placed on those robotic applications in building
construction, with passing reference made to other forms of
construction robots. The social impact and economic
considerations of implementing robotics technology in the
construction industry will be discussed.

It should be noted that most of the information
concerning robots and robotics concerns applications in the
manufacturing industries. This is of little concern,
however, because these same principles may also be applied

to the construction industry.
N\
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CHAPTER ONE
INTRODUCTION

1.1 INTRODUCTION

Robotics have been in use in the manufacturing industry
for approximately 25 years. In fact, the auto industry
serves as an excellent example of the uses and successes of
robotics. Automobile assembly lines now include robotic
welders, painters, and material handlers. Using robotics,
the auto industry has eaijoyed an increase in production and
quality.

Much has been written regarding the use of robots and
robotics in the manufacturing industry. 1In fact, many of
the references for this paper deal exclusively with robots
used in manufacturing. It should be noted that, although
the types of industries and types of work may differ, the
principles of robotics remain unchanged between industrial
applications. In other words, the principles of robotics
as applied to the manufacturing industry are the same as
those for the construction industry. What does change is
the end use of the robot, incorporating various advances in
robotic technology (such as vision sensors, mobility, etc.)
to accommodate the specific use and requirements for the
robot.

The construction industry is the largest industry in
the United States, employing approximately 5.5 million
workers (approximately 6 percent of the total non-

agricultural workforce) and accounting for approximately 8

_



percent of the Gross National Product (1-196). 1Indeed,
construction accounts for approximately $400 billion
annually in this country.

As evidenced by Table 1, the construction industry
accounts for virtually none of the robotic investment or
application in the United States. 1If the principles and
technology of robotics are the same for all industrial uses,
why then has the construction industry lagged behind in the
implementation of robots? The purpose of this paper is to
discuss the abilities and limitations of robotics, how these
abilities and limitations could be advantageous in the
construction industry, the current state of the art of
robotics in the construction industry, the social and
economic considerations of robotics, and future prospects

for robotics in the construction industry.
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CHAPTER TWO
ROBOTICS: A GENERAL OVERVIEW

2.1 DEFINITIONS

2.1.1 Robotics

"Robotics is the science of designing, building, and
applying robots. Robotics [is] a solid discipline of study
that incorporates the background, knowledge, and creativity
of mechanical, electrical, computer, industrial, and
manufacturing engineering." (3-1]) Scientists and engineers
in several countries, most notably Japan, United States, and
West Germany, are very active in researching and developing
robotics technology. Tremendous progress in this area has
been achieved in the past two decades. The advances in
robotic technology are applied to various aspects of
civilization and industry, with the manufacturing industries

being the principal beneficiary.

2.1.2 Robot

In 1979, the Robotics Industries Association defined a
robot as "a reprogrammable, multifunctional manipulator
designed to move material, parts, tools, or specialized
devices through various programmed motions for the
performance of a variety of tasks." (3-2) This definition
serves as the international standard for all industries and
professional societies. Breaking this definition down, the

following key words and phrases are noted.




2.1.2.1 Reprogrammable

A robot must be capable of being "fed" new or
updated instructions. 1In general, robots are computer
controlled; the computer uses a program for maneuvering
and controlling the robot while performing its assigned
task or operation. Reprogrammability allows the robot
to perform an unlimited number of tasks or operations
within the physical and mechanical capabilities of the

robot itself.

2.1.2.2 Multifunctional

A robot must be capable of performing more than
one task, making the robot a versatile tool. This is
usually accomplished through reprogramming and the

attachment of different end effectors.

2.1.2.3 Manipulator

This is the mechanism for moving objects in the
performance of assigned tasks (programmed

instructions).

2.1.2.4 Various programmed motions

This characterizes the robot as a dynamic entity,

with continuous productive activity.

BASIC ROBOT MOVEMENTS

In a three-dimensional world, a robot must be able to

reach any point within its physical work area. Such points




are described by coordinates, which can be easily defined
and programmed into the robot's controller. 1In general,
robots are classified into categories based upon the type
and/or nature of movement their manipulator arm is capable
of performing in reaching a predesignated point in space.
This movement, in turn, defines the robot's work envelope,
or the volume (expressed as a work area) within which the
robot is capable of reaching. For many years, robots were
classified into four categories: cartesian, cylindrical,
spherical, and anthropomorphic. The first three categories
describe robotic movement in accordance with established
coordinate systems, while the last indicates that family of
"jointed-arm"” robots. The vast majority of all robots in
existence today are classified in one of these four
categories. Recent technology, however, has produced two
additional categories: selective compliance assembly robot

arm (SCARA) and spine robots.

2.2.1 Cartesian Robot

A cartesian robot moves its manipulator arm in the
classical three dimensional coordinate system, which is
called the cartesian or rectilinear coordinate system. This
coordinate system consists of three mutually perpendicular
axes (the %, y, and 2z axes), which allows the robot arm to
move in/out, up/down, and forward/backward in linear

motions. The advantage of this category is that any motion




in one direction may be made independently of the other two.
The work envelope for this type of a robot is a cube, away
from the body of the robot. This type of robot has no
capability to reach objects located overhead (above the
robot's body) or below the robot's base. This type of robot
is frequently employed in a gantry configuration. Figure 1
shows the . e- of motion for this type of robot. Figure 2

illustrates the work envelope.

2.2.2 Cylindrical Robot

A cylindrical robot possesses the ability to rotate its
manipulator about one axis, with linear movement along the
other two axes. This rotational ability gives the robot a

simple method for moving its manipulator in one plane. With

/A A

Figure 1 Cartesian Robot Figure 2 Cartesian Robot
Arm Movements Work Envelope
Source: Ref. #4 - Source: Ref. #5 - Robotic
Fundamentals of Robotics: Technology: Principles and
Theory and Applications. Practice.
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this type of robot, rotation is usually around the base of

the robot, with linear motion in the up/down and in/out

directions. The work envelope for this type of robot is a

cylinder with the central core removed (reserved for the

robot's body). 1In simple terms,

the work envelope for this

type of robot may be visualized as a stack of donuts or

lifesavers. This type of robot also has no capability for

reaching points located overhead or below it's base.

3 illustrates the motion capabilities.

Figure

Figure 4 depicts the

work envelope for a cylindrical robot.

2.2.3 Sspherical Robot

A spherical robot possesses the capability to rotate

its manipulator about two axes, with linear motion provided

Figure 3 Cylindrical Robot
Arm Movements

Source: Ref. #4 -
Fundamentals of Robotics:
Theory and Applications.

7
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Figure 4 Cylindrical Robot
Work Envelope

Source: Ref. #5 - Robotic

Technology: Principles and
Practices.




along the remaining axis. Rotation is usually provided
about the base of the robot and in the up/down direction,
with linear motion in the in/out direction. 1In general, the
two rotational motions will point the robot manipulator at a
programmed point in space, with the linear motion used to
reach out to that point. The work envelope consists of a
sphere with a pie or cone shaped segment removed (to
accommodate the robot base). BA spherical robot does have
the capability to reach objects located overhead or below
it's base. Figure 5 illustrates the motion capabilities.

Figure 6 depicts the work envelope for a spherical robot.

Figure 5 Spherical Robot Figure 6 Spherical Robot
Arm Movements Work Envelope
Source: Ref. #4 - Source: Ref. #5 - Robotic
Fundamentals of Robotics: Technology: Principles and
Theory and Applications. Practice,

8




2.2.4 Anthropomorphic Robot

The anthropomorphic robot uses three rotational
movements to reach any point in space. This type of robot
is commonly referred to as the articulated or jointed-arm
robot, possessing two rotational joints that physically
resemble the human shoulder and elbow. This resemblance is
purely physical, though, since the robot joints lack the
flexibility and maneuverability of human joints. Each of
these joints provides rotation about separate axes, with an
additional rotation about the robot's base. The work
envelope is a sphere, with scalloped interior limitations
(due to physical limitations in the two joints).
Flexibility in motion and operation are distinct advantages
for this type of robot. Figure 7 illustrates the motion
capabilities. Figure 8 depicts a side view of the work

envelope for an anthropomorphic robot.

2.2.5 Selective Compliance Assembly Robot Arm (SCARA)

SCARA robots (refer to Figure 9) were developed and
introduced by Professor Makino of Yamanashi University in
1988 (1-18). A SCARA robot possesses one or more rotational
capabilities in one plane with limited movement capability
in any other plane. In essence, this type of robot is adept
at two-dimensional movement, with limited movement in the
third dimension. In simple terms, this robot resembles a

jukebox record changing arm, capable of transporting objects




Figure 7 Jointed-Arm Robot Figure 8 Jointed-Arm Robot
Arm Movements Work Envelope

Source: Ref. #4 - Source: Ref. #3 - Robotics:
Fundamentals of Robotics: A User Friendly

Theory and Applications. Introduction.

from one point to another in the same horizontal plane.

This type of robot was developed with an emphasis on
assembly operations rather than manipulator movement; it is
capable of handling relatively light payloads at fast speeds
(1-18). The work envelope for a SCARA robot is essentially

planar, with no depth or volume (refer to Figure 10).

2.2.6 Spine Robot

Another recent development in robotics was the spine
robot (refer to Figure 11). This type of robot arm
physically resembles the human spine. The spine robot
consists of a series of disks connected by a number of
external tendons (refer to the inset to Figure 1l1); each
tendon, in turn, is connected to hydraulic or pneumatic

actuators. The actuators change the length of the tendons,

10
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Figure 9 SCARA Robot Figure 10 SCARA Robot Work
Envel ope
Source: Ref. #6 - Robotics: Source: Ref. #6 - Robotics:
An Introduction. An Introduction.

causing the robot arm to bend. It is readily apparent that
flexibility is the biggest advantage for this type of robot,
since it has the capability to reach around corners; in
fact, the work envelope for this type of robot is limited
only by the length and flexibility of the arm. The
flexibility of the arm is limited by the number and
construction of the disks, the number of tendons connecting
the disks, and the number of actuator sections (allowing
compound curvature of the arm). Disadvantages for this type
of robot include slow movement (when compared to the other
types of robots), limited repeatability (ability to "hit"
the same point in space time after time without
reprogramming or adjustment by the operator), and the

ability to handle only light payloads (1-21).

11




Figure 11 Spine Robot Arm Figure 12 Robot Wrist
Movements and Work Envelope

Source: Ref. #5 - Robotic Source: Ref. #3 - Robotics:
Technology: Principles and A User Friendly

Practice. Introduction.

2.2.7 Wrist

Each of the above robot categories describes the
movement of the robot arm. Movement of the robot arm
ensures that the end of the arm will reach a specific point
in space, but the arm itself has no capability of orienting
the object being carried (end effector). The addition of a
robot wrist at the end of the robot arm allows the end
effector to be oriented independently of the robot arm. In
essence, the addition of a wrist at the end of the robot arm
increases the mobility and flexibility of the robot. The
typical robot wrist consists of three rotational movements,

as illustrated in Figure 12.

12




2.3 BASIC ROBOT COMPONENTS

Each robot system has four basic components: the
manipulator (arm), the controller, the power supply, and the
end effector. 1In addition, depending upon the design and
use of the robot system, the robot system may also have
sensory and mobility capability. Each of these components
serves a fundamental purpose in the system design and

overall system operation.

2.3.1 Manipulator

The manipulator (also called the robot arm) is that
part of the robot which does the physical work. In general,
robot arms in use today are stiff and heavy, limiting their
flexibility and payload capacities. 1In addition, heavier
arms are slower and less precise than lighter arms, but
lighter arms tend to oscillate wildly when moved from one
position (point) to another (7-39). Accordingly, these
factors should be considered when considering and designing
robot applications.

The performance of the manipulator is determined by the

following parameters:

2.3.1.1 Work Envelope

The robot arm gives the robot the capability to
manipulate or handle different objects at any location
within it's work envelope. The work envelope limits

the volume (in space) within which the manipulator can

13




effectively place objects (end effector). The size of
the work envelope is limited by the size of the robot
arm segments and the robot classification (discussed in

section 2.2).

2.3.1.2 Degrees of Freedom

Degrees of freedom refer to the number of axes on
or about which the robot is capable of motion. Each of
the four basic robot types (cartesian, cylindrical,
spherical, and anthropomorphic) have three degrees of
freedom, but this does not include any other axes of
motion the robot (as a unit) may be capable of
performing. Degrees of freedom consider all of the
motions the robot is capable of performing. As an
example, a spherical robot with the wrist pictured in
Figure 12 would have six degrees of freedom (three for
the robot arm, three for the wrist). A greater number
of degrees of freedom would give the robot more

flexibility and maneuverability, but at greater cost.

2.3.1.3 Lifting Capacity

The manipulator is the main structural component
of the robot system. The length and strength of the
arm, as well as the speed at which the robot arm
operates (moves), will dictate the maximum load which

the manipulator can handle.

14




2.3.1.4 Accuracy

For robot applications, accuracy is defined in two
ways:

a. The tolerance between the actual and
programmed locations of the end effector. Heavier arm
components and payloads will cause deflections in the
manipulator, as well as the momentum and inertia of the
payload during movement. For precise operations, these
deflections must be carefully considered during the
design of the robot, then carefully controlled and
monitored during operation.

b. The ability of the robot to place the end
effector in the same programmed location with many
repetitions of the same activity. This characteristic,
called repeatability, is of utmost importance for
robots used in manufacturing applications but may not

be a significant factor for construction robots.

2.3.2 Controller

The controller is used to control manipulator movement,

generating the necessary commands to move the manipulator
arm and ensuring the end effector arrives at it's programmed
location and performs its programmed task. In essence, the
controller is the "brains'" of the robot, receiving and
interpreting the program commands and generating manipulator

movement signals/commands. Manipulator control is generally

15




achieved through the use of electronic devices and circuits,
but may be classified as either open- or closed-loop
controller systems. This classification is based upon the
ability of the robot controller to receive and interpret
information regarding the movement and position of the
manipulator arm (i.e., whether the controller can receive

and utilize feedback information).

2.3.2.1 Open-Loop Control Systems

Open-loop control systems do not use feedback
signals to monitor the movement and position of the
manipulator. This is the simplest type of control,
utilizing a fixed sequence of stops (mechanical or
microswitch) built into the robot mechanical system to
control the movement of the robot arm. In operation,
robot movement during any sequence of the programmed
task is terminated by a stop, triggering the start of
the next sequence. Reprogramming for a different
sequence of steps is generally difficult and time-
consuming, as the stcps must be relocated and
calibrated for the new sequence of s*teps. This method
of control is very well suited for the manufacturing
industry, but, due to changing conditions and tasks, is

generally not useful in construction.

16




2.3.2.2 Closed-Loop Control Systems

Closed-loop control systems provide a feedback
loop (or signal) to the controller, allowing the
controller to continuously monitor the movement ar.d
progress of the manipulator towards its programmed
"target'". With this type of control, the controller
continuously compares the present position of the
manipulator to its programmed target position, issuing
corrective commands (as necessary) until the difference
between the two positions is zero. Feedback
information (and resultant control of the manipulator

arm) may be achieved in a number of ways.

2.3.2.2.1 Remote Control

This method of control requires direct human
involvement in the monitoring and control of the
robot arm. Under this method, the operator
performs all monitoring, feedback, and control
functions. Other than basic safety commands or
mechanical stops, preprogrammed commands or
instructions do not exist in the robot controller
system. In general, the operator may or may not
be located in the immediate vicinity of the robot;
if the operator is not in the immediate vicinity,
electrical connections or radio communications are

required for robot control. Teleoperation (the

17




use of television cameras or other sensory
equipment/devices to monitor the robot) is
frequently used. This method of control is
usually used under hazardous conditions, such as
working with toxic materials or in dangerous
environment. An example of this type of operation
and control is the space shuttle robot arm; the
operator is inside the space shuttle, monitoring

the robot arm through a window in the crew deck.

2.3.2.2.2 Variable Sequence Control

This method of control uses a preprogrammed
sequence of steps which may be changed from task
to task, requiring the use of a computer. The
computer is programmed through the use of a
teaching pendant, a simple handheld device
(resembling a calculator) for operating and
programming the robot arm. The operator uses the
teaching pendant to "walk" the computer (and
manipulator) through the desired sequence of steps
and tasks, storing critical points of the sequence
in the computer memory. During operation, the
computer uses this sequence of steps and critical
points to monitor and control the manipulator;

this is called point-to-point operation.
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2.3.2.2.3 o0ff-line Programming

This method of control is similar to the
variable sequence control method described above,
except that the computer follows a sequence of
commands written in a computer language.
Programming of the controller is accomplished
while the manipulator is not in operation.
Manipulator operation will be either point-to-
point or continuous path (smoother movement of the
manipulator arm through the programmed task

sequence).

2.3.2.2.4 Artificial Intelligence

Artificial intelligence is the ability of a
computer to learn from and react to its
environment. In general, this is similar to the
growth and development of a child: as the child
matures and interacts with its environment, it
learns how to react to various stimuli. 2As an
example, a young child may touch a hot pan or
stove burner; after the first time, the child
assimilates the pan and burner with heat (and
pain) and will react accordingly.

With artificial intelligence, the
controller is first programmed with "rules of

behavior", following these rules while
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accepting signals from its environment and
responding to those signals, then storing the
signal and reaction for future use or
reference. The controller receives signals
from the environment through various sensory
devices, including vision, acoustic, and
contact transducers. With artificial
intelligence, the controller becomes less of
a computer, requiring and following a
specific set of instructions, and more of an
independent entity, learning to interact with
its environment.

Present technology cannot sufficiently
support advanced artificial intelligence.
Artificial intelligence, when compared to the
capabilities of a human, requires computers
with large storage capacities (exceeding that
of current mainframe computer systems), high
speed processors (for the receipt,
interpretation, comparison, reaction, and
storage of signals from the environment), and
the capability to operate in a real-time

environment.
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2.3.3 Power Supply

The power supply is that part of the robot that
provides the force and energy to move the manipulator arm.
Three types cf power units are currently used in robotics:
hydraulic, pneumatic, and electric. The type of power unit
used with any robot system will be dependent upon the weight
and size of the robot manipulator, the weight and size of
the payload, the type of movements and operations required
by the robot, the available energy requirements in the work
area, and the available space for installing and storing the

power unit.

2.3.3.1 Hydraulic

Hydraulic power units use pressurized fluid (oil)
to move the robot manipulator. In general, hydraulic
power units are used to handle and maneuver heavy
payloads, but at the expense of speed. The
incompressibility of hydraulic fluid also permits very
precise control of the robot manipulator. Hydraulic
power units do have the following disadvantages: high
operating pressures require heavier piping and valving
systems, increasing the weight, cost, and complexity of
the robotic unit; higher maintenance and repair costs;
and leaks in the system could pose safety and

environmental problems.
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2.3.3.2 Pneumatic

Pneumatic power units use compressed air for
moving the robot manipulator. Operating pressures are
lower than those found in hydraulic systems, preventing
the handling of heavy payloads. Pneumatic systems are
well-suited for areas and sites having an adequate
supply of compressed air, but do have the following
disadvantages: air used in pneumatic systems must be
clean and dry to prevent internal damage to the
pneumatic components, and these systems do not provide
the same degree of control as hydraulic units.
Pneumatic power units are typically used when hydraulic

or electric power units may present safety concerns.

2.3.3.3 Electric

Electric power units use electric motors and
actuators (AC or DC) for moving the robot manipulator.
Electric power units are significantly cleaner and
quieter than hydraulic or pneumatic systems and are
relatively inexpensive to build and maintain. Electric
power systems are generally more accurate and have a
higher degree of repeatability, but do not have the
power and lifting capability of hydraulic systems. 1In
addition, electric motors and actuators cannot be used
in explosive of flammable environments; sparks from the

electric components could spell disaster.
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2.3.4 End Effectors

End effectors are those devices connected to the end of
the wrist/manipulator arm with which the robot performs its
designated task. In essence, end effectors are the
"business end" of the robotic system; without the end
effector, the robot would be useless. The performance of
the end effector is governed by the positioning tolerance of
the manipulator arm, the working tolerance of the specific
tool in use, the performance of the sensor(s) monitoring the
end effector's operation, and an adegquate supply of material
required for that specific operation. End effectors may be

classified as either grippers or process tools.

2.3.4.1 Grippers

Grippers are devices designed to lift and hold
objects. Grippers may be fingered devices (some
bearing a remarkable resemblance to the human hand),
clamps, electromagnets, suction cups, or supporting
structures (relatively broad and flat objects, such as
shovels and buckets). Grippers are designed to
accommodate the type and shape of material to be
handled; for example, tube grippers, which handle pipes

and tubes, resemble paper towel holders.

2.3.4.2 Process Tools

Process tools are actual tools used to perform

specific tasks or operations. Common examples of
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process tools include paint spray guns, welding guns,
drills, and grinders. Process tools are also available
to perform a variety of construction operations, such
as spreading glue, mortar, or concrete, troweling

concrete, sealing joints, or sand blasting.

The diversity in the types, characteristics, and
performance of end effectors gives the robot system great
versatility and flexibility in operation. End effectors are
normally interchangeable, requiring little time and effort
in replacing one end effector with another. Since no two
end effectors perform the exact same task/operation,
changing end effectors may necessitate reprogramming of the

robot.

2.3.5 Sensors

Sensors are devices that convert information about the
robot's environment (the physical world) into electronic
signals that the control unit can read, process, and react
to. In essence, sensors allow the robot to interact with
its environment. The following are different types of

sensors available in robotics.

2.3.5.1 Tactile Sensors

Tactile sensors indicate physical contact between
the robot (transducer) and another object. Tactile

sensors may indicate contact only (the robot collided
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with another object) or indicate the extent and
direction of force exerted during contact (allowing
coordination and control during placement and assembly

operations). Types of tactile sensors include:

2.3.5.1.1 Limit Switches

Limit switches provide simple tactile
information through the use of microswitches or
similar electro-mechanical devices. Contact with
an object opens or closes an electrical circuit,

causing the appropriate response by the robot.

2.3.5.1.2 Strain Gages

Strain gages detect contact and the force
exerted during contact. Strain gages are
generally simple electrical devices, such as
wheatstone bridges, which measure changes in
electrical resistance to calculate the force

exerted during contact,

2.3.5.1.3 Potentiometers

Potentiometers measure contact force by
measuring the displacement of one end of the
sensor during contact. As an example, a sliding
wiper (electrical) potentiometer would measure the
change in voltage and/or resistance across the

potentiometer during contact.
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2.3.5.1.4 Piezoelectric Pressure Transducers

These sensors measure the signals (or change
in electrical resistance) emitted from special
materials (quartz and ceramic are examples) while
under pressure. These sensors may be used to
determine the extent and direction of exerted
force during collision. This information would
allow the controller to guide the end effector
during grinding, finishing, or insertion

(assembly) operations.

2.3.5.1.5 Tactile Sensor Array

A tactile sensor array is an array of tactile
sensors, arranged in a grid pattern, for measuring
pressure and force. Differences between sensors
in the array would not only determine the extent
of pressure/force being exerted, but would also
indicate the contour, shape, orientation of the
object. This array would emulate the human sense
of touch, but accuracy would be dependent upon the

number of sensors in a given area.

2.3.5.2 Proximity Sensors

Proximity sensors detect the proximity of objects
before contact, allowing the robot to avoid collision.
The proximity of objects is determined by measuring

their location and/or distance from the robot. In this
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regard, proximity sensors are an important part of the
navigation system installed on mobile robots. Types of

proximity sensors:

2.3.5.2.1 Sonar Sensors

Sonar sensors use sound (at ultrasonic
frequencies, outside the range of human hearing)
to detect the distance to objects. Sound waves
are emitted by the robot and reflected by the
object; the difference in time between emission
and receipt of the reflected sound waves indicates
the distance to the object. Sonar sensors may be
used to measure coating thickness of paint or

other applied substances (8-360).

2.3.5.2.2 Electromagnetic Sensors

Electromagnetic sensors utilize the
interruption of a generated (by the robot)
magnetic field to note the proximity of an object.
These sensors are generally effective only in

measuring the proximity to metallic objects.

2.3.5.2.3 Capacitative Sensors

Capacitative sensors utilize the interruption
of a generated (by the robot) low power electrical
circuit to measure the distance between the robot

and an object.
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2.3.5.2.4 Photoelectric Sensors

These sensors utilize either photoconductive
or photovoltaic principles to determine the
location to an object. Both principles utilize
light emitters, reflectors, and receivers in
operation. With photoconductive cells, a warning
signal is sent to the controller when the light
beam between the emitter and reflector is broken.
With photovoltaic cells, the sensor reacts to
emitted light that is returned by a reflector. 1In
both cases, distance to objects and position of
the robot (relative to the position of the
reflectors) can be determined by triangulation
(measuring the angles between three or more

reflectors).

2.3.5.2.5 Laser Sensors

Laser sensors operate in the same manner as
photoelectric sensors, with the exception of using
laser emitters and receivers. Laser signals do
not diffuse as much as light, giving laser signals

longer operating distances.

2.3.5.3 Vision Sensors

Vision sensors are the most advanced of all

robotic sensors. In general, vision sensors do not

react to a single attribute of the object (distance,
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proximity, or contact), but conveys the entire image of
the object to the controller. Vision systems utilize
camera(s) to see the object, reacting to the light
reflected by the object and converting the picture into
electrical signals for use by the image processor and
robot controller. Research in vision systems is
currently centered in developing stereoscopic vision
(similar to human vision); stereoscopic vision would
give robots the capability to see in three dimensions

and improving depth perception and object recognition.

2.3.5.3.1 Current Problems With Robot Vision

Although tremendous progress has been
achieved in robot vision in recent years, it still
lacks sufficient accuracy and resolution for use

in the construction industry. Problems include:

2.3.5.3.1.1 VLight Levels

The quality of vision is highly
dependent upon the type and amount of
lighting in use. 1In addition, high levels of
ambient light and particulate matter in the

air degrade vision quality.

2.3.5.3.1.2 Accuracy
With current vision system designs, the

camera generates more data than the computer
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and image processor can process in real time.
Consequently, the computer must perform data
reduction techniques, which degrades vision

guality and accuracy.

2.3.5.3.1.3 Slow Speed

Processing speeds are not fast enough to
process the data generated by the camera.
Without real-time information, the robot must
slow its operations to prevent accidents.
Real-time processing would be a advantageous
for robot vision, but improvements must be
made in compute: software and processing

speeds.

2.3.5.3.1.4 Capacity

The receipt and processing of vision
data requires a significant amount of
computer memory, surpassing that of most
mainframe systems. New technology is
required to increase the size of computer
memory while reducing the size of the memory

unit.

2.3.5.3.1.5 Cost
The research and development of vision

technology has been expensive, anc will
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continue to be expensive: continued
development of robot vision will require

significant amount of research and

development funding and time.

2.3.6 Mobility

In most manufacturing and assembly applications,
robotic systems are static: the robot is stationary and the
work elements come to the robot. A stationary installation
is unacceptable for construction purposes, since the robot
must go to the worksite and operate in and around the
jobsite. For this reason, robot research and development
for the construction industry has focused not only on robot
performance requirements (the tasks the robot performs), but
also mobility.

In general, robot mobility is provided by tracks,
wheels, legs, or a combination of the three. With current
technology, speed is extremely slow (approximately 1.3 miles
per hour) (8-365). For most applications, the robot is
remotely controlled, with installed sensors and safety
devices for collision avoidance.

Current research is centered upon developing autonomous
navigation and collision avoidance systems for robots.

These systems would allow a robot to maneuver without the
direct control of a human operator, although human

supervision should be maintained. Robots would move along
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either preprogrammed paths or have the capability to survey
its work environment and plan its own path. Either
capability would require a multitude and variety of sensors,
ensuring the robot has active interaction with its work

environment.

2.4 ADVANTAGES AND BENEFITS OF ROBOTS

As we have seen in the previous discussion, robots are
complex systems. Although complex in design and operation,

robots do present the following advantages:

2.4.1 Improved Procduct Quality

During operation, robot movements are very precise and
accurate. It is common for robots to display a
repeatability of .001 inch. This accuracy equates to higher
product quality, satisfying customers and meeting their
expectations. With satisfied customers, business should

improve, with a commensurate increase in sales and profits.

2.4.2 Improved Quality of Life

The implementation of robots in the manufacturing
industries has improved the quality of life for the workers.
Robots have relieved workers of tedious jobs; humans tend to
become bored and inattentive in such jobs, making them prone
to accidents. Since the robot works without mental or
physical fatigue, it can perform the job consistently and

safely.
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In addition to relieving human workers of tedious jobs,
robots are increasingly employed in toxic and hazardous
environments. As inanimate objects, robots are not
susceptible to toxins or other materials that are hazardous
to humans. One classic example: the reactor vessel at
Three Mile 1sland was cleaned and repaired by robots,
remotely controlled by human operators using teleoperation.
Another example is the space shuttle robot arm, relieving
astronauts of performing work in space (outside of the space

shuttle).

2.4.3 Reduction of Labor Costs

Robots are fully capable of working 24 hours per day, 7
days per week. Robots do not need coffee breaks, vacations,
lost time due to illness, etc. Robots do not require wages
or other compensation, fringe benefits, insurance, or
pension accounts. Robots never question their assignments,
never go on strike, and never vary their production rate.

By maximizing the efficiency cf their movements, robots may
provide a productivity increase of 20 to 300 percent over

human workers (in some industries and applications) (9-29).

2.5 DISADVANTAGES OF ROBOTS

As with all technologies and systems, robotics also has

its disadvantages:
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2.5.1 Lack of Mechanical Flexibility

In a comparison with the human worker, a robot is not

nearly as complicated as a human; humans have more "end
effectors" (arms, legs, fingers, etc.) and much more
sophisticated sensory perception. In addition, the
mechanics of robotics prevents robots from having the
dexterity, physical flexibility, and movement of humans.
This leads to a cardinal rule for implementing robots in the
workplace: tasks must be optimized for the robot's

capabilities and not for the sake of replacing human workers

(10-63).
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CHAPTER THREE
SOCIAL IMPLICATIONS

3.1 THE GENERAL PUBLIC

Whenever the word "robot" is mentioned, people tend to
think of androids - machines with human features, including
physical, logical, analytical, and, in most cases, emotional
capabilities. This misperception is the direct result cf
the television and motion picture industries. How can one
forget "Robbie the Robot" in Lost In Space, or C3PO in the
Star Wars series? Both "robots", and virtually all other
"show business'" robots, are fictional, bearing no
resemblance to actual robots in use today. This
misperception, in and of itself, may pose no apparent
problem for the implementation of robots in any application

or industry, but subconscious public stigma may exist.

3.1.1 Lack of Understanding

In general, the average individual knows very little
about robotics, its uses and potential in industrial
applications, and the benefits of these uses. Very few
people know or understand that robots improve productivity,
relieve human workers of tedious, dangerous, or unpleasant
tasks, and, in most cases, reduce the production costs of
manufactured goods. Much of the information disseminated
about robotics is published in technical journals and

publications which are not available to the average
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individual. This lack of information causes individuals to
formulate opinions and make decisions based on hearsay and
emotion rather than logic and intelligence. These
misinformed opinions and decisions, in turn, lead to bias

and fear.

3.1.2 The "Human Touch"

Many people resent the fact that the products and
services they receive may not have been produced or rendered
by another person. In essence, they insist on that "human
touch"”, knowing that another individual, just like them,
made the product or performed the service. As examples,
many people refuse to leave messages on telephone answering
machines or use automatic teller banking machines. These
devices provide service and convenience, but lack human
interaction. Without the "human touch", users feel

frustrated, exploited, and vulnerable.

3.1.3 Inferiority Complex

Many people fear the development of robots may
ultimately lead to a time when robots will "rule the world."
Again, this perception is largely manifested by the
television and motion picture industries, where robots do
become more advanced and capable of propagating themselves,
eventually destroying the human race. With the development
of artificial intelligence, the robot could have the

capability to learn about itself and build more robots. At

36




the present time, though, artificial intelligence is very
primitive and technology cannot adequately support it.
Research will continue in artificial intelligence, but it
may be some time (25+ years?) before the requisite
technology will be available. Even if the technology were
available, robots could be programmed to prevent self-

propagation and harm to humans.

3.2 THE DISPLACED WORKER

The implementation of robots in any organization or
industry has but one purpose: cost reduction. Robots are
installed to improve production efficiency and quality,
thereby reducing cost. Since it is human workers who
perform the work, one robot will replace one or more human
workers and labor costs will be reduced. It is this threat
of impending and potentially widespread unemployment that is
of greatest concern to the work force.

With the development and implementation of robots, job
security of the workers targeted for replacement is of
primary concern. In most cases, it is the threat, not the
action, of unemployment that causes the most harm. As
robots enter the workplace, more individuals become fearful
for their jobs, and could cause problems for management.
These problems could include labor unrest, work slowdowns,

or sabotage (of the plant or robots). It is up to
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management to ensure the integration of robots in the

workplace is well-received and successful.

3.2.1 Employment Options for Displaced Workers

Recent studies have shown that unemployment is not a
factor when robots are incorporated into the work
environment; in fact, the number of jobs has increased. The
implementation of robots gives the corporation/firm the

following options for displaced workers:

3.2.1.1 Early retirement

For those workers who are either eligible or
reasonably close to eligibility for retirement, they
are offered retirement. Retirement may be either
voluntary or compulsory, usually at full benefits. A
recent survey indicates that only 1.5 percent of

workers displaced by robots were retired (11-486).

3.2.1.2 Job Transfer or Retraining

Displaced workers may also be transferred to
another job within the same company/organization. In
this instance, the worker is offered another job, which
may or may not involve the same tasks or level of
knowledge his previous job required. 1In most cases,
workers transferred to lower paying jobs retain their
pay rate for a minimum amount to time, but may revert

to a lower pay rate after expiration of this time
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period. According to a recent survey, 75.6 percent of
workers displaced by robots were transferred to other

jobs (11-486).

3.2.1.3 Retraining for Robot-Related Work

Retraining for robot-related work. With the

implementation of robots, individuals are still
required to program, repair, and supervise the
robot(s). Displaced workers are generally given
preferential treatment in this type of work.
Retraining can also shift workers to new careers. A
recent survey indicated 5.8 percent of the workers
displaced by robots were retrained for robotic

management and operation (11-486).

3.2.1.4 Termination of Employment

When considering the implementation of robots in
existing industries and processes, the termination of
employees should be the last resort. Extreme usage of
this option will cause fear and discontent within the
remaining work force. To date, this option has been
exercised judiciously: only .2 percent of the workers
displaced by robots have been terminated (fired or

laid-off) (11-486).

The single-most important impact of robotics on the

displaced worker will be the retraining of these workers to
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perform new, unfamiliar work. At first glance, retraining
may not be a problem; for various reasons, however, workers
may be reluctant to retrain and may resent the machines that
have made their jobs obsolete. Reasons for worker
reluctance toward retraining include:

a. A lack of motivation, caused by a poor self-
image or outright tear of change. As an example,
workers who have performed manual labor "all their
lives"” may resent retraining for desk jobs.

b. New jobs may not offer the same opportunities
for advancement or recognition.

¢. New jobs may decrease the interaction among
the workers. 1In essence, these new jobs discourage or
prevent the socialization and camaraderie among workers
that may be evident on the production line.

d. New jobs may require less supervision. In
general, human behavior tends toward having someone
nearby to solve problems, correct mistakes, provide

recognition, and provide emotional support.

3.3 CONCERNS OF LABOR ORGANIZATIONS (UNIONS)

At the present, unions do not favor the incorporation
of robots in the work environment. The reason is very
simple: the union's main function is work preservation and

job security for its members. For this reason alone, no
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labor organization will endorse the incorporation of robots
in the workplace.

Although they may not endorse the introduction of
robots in the workplace, labor organizations do realize that
the implementation of robots is rapidly expanding and
necessary for maintaining a competitive edge. Without the
use of advanced technology (including robots), firms cannot
compete with those firms who do automate, resulting in
economic collapse and loss of jobs. Accordingly, many labor
unions insist negotiated agreements include provisions
relative to the introduction of robots. As an example, a
negotiated agreement may require advance notification of
intended robot installation and use. These provisions help

soften the impact of potential worker displacement.

3.4 FALLACIES AND MYTHS

Over the past thirty years, several fallacies and myths
regarding the installation and use of robots have
proliferated. These fallacies are generally the result of
misinformation, misunderstanding, and, in some cases,

outright lies.

3.4.1 Growing Unemployment

A popular belief holds that the increasing use of
robots various industries will increase the unemployment
rate. As noted above, this is untrue. In most cases,

unemployment has been negligible. In addition, total

41




unemployment is a direct function of real economic growth.
Through higher productivity, robots can have a positive
effect on economic growth, stimulating growth and

employment.

3.4.2 Permanent Replacement of Human Workers

Another assumption is that robots will permanently
eliminate the need for human workers in the workplace. This
is untrue, for robots require human design, construction,
programming, installation, maintenance, and supervision. As
noted above, displaced workers would be the most likely

candidates for retraining to perform these tasks.

3.5 SUCCESSFUL ROBOT IMPLEMENTATION

In one word, the key to successful installation of
robots is communication. Without effective communication,
management wil] be fighting an uphill battle against the
attitudes of its workers and public opinion. Coope